
US007058735B2 

United States Patent (12) (10) Patent N0.: US 7,058,735 B2 
Spencer (45) Date of Patent: Jun. 6, 2006 

(54) METHOD AND APPARATUS FOR LOCAL 6,282,195 B1 8/2001 Miller et a1. 
AND DISTRIBUTED DATA MEMORY 6,324,599 B1 * 11/2001 Zhou et a1. ................. .. 710/26 

ACCESS (“DMA”) CONTROL 6,341,318 B1* 1/2002 Dakhil ...................... .. 710/23 
6,370,622 B1 4/2002 Chiou et a1. 

(75) Inventor: Thomas Vincent Spencer, Costa Mesa, 6’434’590 B1 8/2002 Blelloch et 31' 

CA (Us) (Continued) 

(73) Assignee: EmuleX Design & Manufacturing OTHER PUBLICATIONS 
Corporation’ Costa Mesa’ CA (Us) “The Amulet environment: neW models for effective user 

( * ) Notice: Subject to any disclaimer, the term of this lmerface- Software? development Py Myérs’ B'AT'; MCDamelf 
. . R.G., M1lle R.C., Ferrency, A.S., Faulnng, A., Kyle, B.D., 

patent is extended or adjusted under 35 - - _ - - - _ 

U S C 154 b b 329 d M1ck1sh, A., Kllmovilski, A., Doane, P. (abstract only) 
' ' ' ( ) y ays' Publication Date: Jun. 1997. 

(21) Appl. No.: 10/452,330 (Continued) 

(22) Filed; Jun_ 2, 2003 Primary Examiner4Christopher Shin 
(74) Attorney, Agent, or F irmiMorrison & Foerster LLP 

(65) Prior Publication Data 
(57) ABSTRACT 

US 2004/0243739 A1 Dec. 2, 2004 
An apparatus for local direct memory access control 

(51) Int- Cl- includes a processor unit for generating a direct memory 
G06F 13/ 00 (2006-01) access designator When needed data is not available and 

(52) US. Cl. ............................ .. 710/24; 710/6; 710/22; continuing processing Which does not require the unavail 
710/52; 712/225; 712/245 able data. A memory access designator holder receives the 

(58) Field of Classi?cation Search .............. .. 7l0/5i6, memory access designator, and a local data memory access 
710/20, 22, 69, 24, 52461; 707/10, 102; controller performs a data memory access transaction in 

711/220; 715/863; 712/20(L245 accordance With the content of a descriptor. Staging registers 
See application ?le for complete search history, hold components of a data memory access designator and 

transfer the components to a selected portion of the data 
(56) References Cited memory access designator holder. The data memory access 

U.S. PATENT DOCUMENTS 

4,320,453 A 3/1982 Roberts et a1. 
5,301,322 A 4/1994 Hamanaka et a1. 
5,379,381 A * l/l995 Lamb .......................... .. 710/6 

5,524,212 A 6/1996 Somani et a1. 
5,619,728 A * 4/1997 Jones et a1. ................. .. 710/27 

5,644,784 A * 7/1997 Peek ......................... .. 710/24 

6,025,925 A 2/2000 Davidson, Jr. et 31. 
6,199,121 B1* 3/2001 Olson et a1. ................ .. 710/24 

6,240,358 B1 5/2001 Kawai 

DPDR 

controller transfers the contents of the staging registers to 
the data memory access designator holder When one of the 
staging registers is Written to by the processor unit. The 
processor unit stalls if a Write to the staging register occurs 
When the data memory access designator holders contain a 
data memory access designator, and ceases the stall When 
one of the plurality of data memory access designator 
holders ceases to contain a data memory access designator. 

18 Claims, 5 Drawing Sheets 



US 7,058,735 B2 
Page 2 

US. PATENT DOCUMENTS “Self-tuning fuZZy logic controller for reactive navigation” 
by Mondelli, G.; Castellano, G.; Attolico, G.; Stella, E.; 

6,499,892 B1 12/2002 Beggiao Distante, A. (abstract only) Publication Date: Sep. 19-20, 
6,535,958 Bl 3/2003 Fuoco et a1. 1996. 
6,668,287 Bl * 12/2003 Boyle et a1. ................ .. 710/22 

2004/0024969 A1 2/2004 Chauvel et a1. * Cited by examiner 
2004/0098575 A1 5/2004 Datta et :11. 

OTHER PUBLICATIONS 





U.S. Patent Jun. 6, 2006 Sheet 2 0f 5 US 7,058,735 B2 

OQ~\ 

we 0 Q2 
moo mm 

03% <29 I<>>I 2Q 

\IIIJ o2 vw mm? 

/7 mi 

O ] mm? 
5 E 

_>_<m_ 5310 ‘I40? mean 
900 mwcmwx , 

mm? 

( v2, 

rlllL 

vw vw ‘ 4 

\ “:9 “=00 @580 V i1 K (l,|\ 
\ om? \ NNF \ w? wow wow 





U.S. Patent Jun. 6, 2006 Sheet 4 0f 5 US 7,058,735 B2 

446 

448 

436 
440 , 

K 400 

K 414 





US 7,058,735 B2 
1 

METHOD AND APPARATUS FOR LOCAL 
AND DISTRIBUTED DATA MEMORY 

ACCESS (“DMA”) CONTROL 

RELATED APPLICATIONS 

This application is related to previously ?led US. patent 
application Ser. No. 10/402,182 entitled “Hardware Assisted 
Firmware Task Scheduling and Management,” and Ser. No. 
10/401 ,459 entitled “Local Emulation of Data Ram Utilizing 
Write-Through Cache HardWare Within a CPU Module,” 
both assigned to the same assignee as the present applica 
tion. 

BACKGROUND OF THE INVENTION 

Host bus adapters are Well knoWn in the art, e.g., for 
establishing and maintaining an interface betWeen a very 
fast bus, e.g., a ?bre channel and a host computer and/or 
local netWork of host computers. They function to perform 
many tasks, e. g., reassembling and checking the correctness 
of packets of communicated information received over the 
input channel, e.g., a ?bre channel and, e.g., serialiZing the 
data for transmission to the host computer, e.g., over a serial 
bus to the serial bus port of the host computer, and the like. 
As the communication channels are becoming even more 
capable of increasing the bit transmission rate (“BTR”) there 
is a need for a neW architecture for a host bus adapter, 
particularly one implemented on a microchip. 

SUMMARY OF THE INVENTION 

A method and apparatus for local direct memory access 
control is disclosed Which may comprise a processor module 
having a direct memory access control apparatus Which may 
comprise: a processor unit adapted to generate a direct 
memory access designator When in a condition of needed 
data not being available and to thereafter continue process 
ing Which does not require the not available data; a memory 
access designator holder contained Within the processor 
module and adapted to receive and hold the memory access 
designator; and, a local data memory access controller 
contained Within the processor module and adapted to carry 
out a data memory access transaction in accordance With the 
content of the descriptor. The memory access designator 
holder may be adapted to hold a plurality of memory access 
designators each associated With a memory access transac 
tion and adapted to present each of the plurality of memory 
access designators to the local data memory access control 
ler successively. The apparatus may further comprise a 
plurality of staging registers each adapted to hold at least one 
component of a data memory access designator and adapted 
to transfer the at least one component of the data memory 
access designator to a selected portion of the data memory 
access designator holder. The data memory access designa 
tor holder may be one of a plurality of data memory access 
designator holders arranged in a ?rst-in-?rst-out con?gura 
tion. The data memory access controller may also be adapted 
to transfer the contents of the respective plurality of staging 
registers to the data memory access designator holder When 
a selected one of the staging registers is Written to by the 
processor unit. The processor unit may be adapted to stall if 
a Write to the selected one of the staging registers occurs 
When each of the plurality of data memory access designator 
holders contains a data memory access designator and to 
cease the stall When one of the plurality of data memory 
access designator holders ceases to contain a data memory 
access designator. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs an overall architecture for a system accord 
ing to an embodiment of the present invention; 

FIG. 2 shoWs an architecture for a CPU module contained 
on the chip containing the system of FIG. 1; 

FIG. 3 shoWs a more detailed vieW of portions of the CPU 
module of FIG. 2; 

FIG. 4 shoWs host bus adapters according to an embodi 
ment of the present invention as incorporated into various 
con?gurations of communication netWorks; and 

FIG. 5 shoWs a more detailed vieW of portions of the 
CPU/Bus memory interface according to embodiments of 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Turning noW to FIG. 1 a host bus adapter system 10 
according to an embodiment of the present invention, Which 
may be located on a single integrated circuit (chip) may 
include a plurality of CPU modules, e.g., 100041005, Which 
may be connected a common bus, Which may be e.g., a 
standard processor local bus (“PLB”) 200, Which for con 
venience Will be referred to as the north PLB 200. Also 
connected to the PLB 200 may be a bridge 30 to a south PLB 
201. Also connected to the PLB 200 may be a double data 
rate memory controller DDR 32 and a buffer manager 34. 
Connected to the PLB 201 may be a CPU module 1006 a host 
DMA 36, a quad data rate memory controller (“QDR”) 38 
Which can be an SRAM controller, an N-Port Interface Layer 
40 for a standard ?bre channel N-Port and a universal 
asynchronous receiver/transmitter (“UART”) 42, Which may 
include a ?ash memory controller, etc. As is Well knoWn in 
the art, a UART, ordinarily on a microchip or a part of a 
microchip, can contain programming or be otherWise oper 
ated under program control to control a computer’s (pro 
cessor’s) interface, e.g., to its attached serial devices. Spe 
ci?cally, it can provide the computer With an interface, e.g., 
an EIA standard RS-232 (C) data terminal equipment 
(“DTE”) interface so that it can “talk” to and exchange data 
With modems and other serial devices. As part of this 
interface, a UART usually also can convert the bytes it 
receives from the computer along parallel circuits into a 
single serial bit stream for outbound transmission and vice 
versa for inbound tra?ic, add a parity bit (if it’s been 
selected) on outbound transmissions and check the parity of 
incoming bytes (if selected) and then discard the parity bit, 
add start and stop delineators on outbound traf?c and strip 
them from inbound transmissions, handle interrupts from the 
processor and/or its other input devices, e.g., keyboard/ 
mouse, Which are serial devices With special ports, and 
handle other kinds of interrupt and device management that 
require coordinating the computer’s (processor’s) speed of 
operation With device speeds. The UART 42 may also 
provide some amount of buffering of data so that the 
computer (processor) and serial devices data streams remain 
coordinated. The speci?c UART 42 can be a standard cell, 
e.g., an IBM module emulating a 16550, Which has a 16-byte 
buffer that can get ?lled before the computer/processor 
needs to handle the data. 

Connected to the UART 42 may be a debug/test unit 50 
and an input/output 52 for 35 signals for interfacing the 
UART and ?ash control, e.g., to a terminal device. Con 
nected to the NIL 40 may be an input/output signal port 60, 
e.g., a 10 gigahertZ N port, Which in turn has connected to 
it a chip signal input/output 60, e.g., to a ?bre channel 
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communication link. The same signals may also be received 
on an input to the debug/test unit 50. Connected to the DDR 
SDRAM controller 32 is an input/output port 72 that may be 
connected to DDR SDRAM memory. Connected to the QDR 
controller 38 is an input output connection that may be 
connected to SRAM memory. Connected to the host DMA 
36 may be a host interface, e.g., a PCI-X host interface 74 
connected to a host input/output signal connection from the 
chip 10 to the host computer, e.g., over a PCI bus interface 
76. 

Turning noW to FIG. 2 a CPU module 100 according to an 
embodiment of the present invention is shoWn in more 
detail. The CPU module 100 is a key component of an 
embodiment of the present invention. The CPU module 100 
may consist of a standard embedded CPU core 102, such as 
the Xtensa that is available from Tensilica, local memories, 
Which may include both a dual ported data ram (“DPDR”) 
104, a data cache (“DCache”) 106 and an instruction cache 
(“ICache”) 108, a CPU bus/memory interface (“CPU-IF”) 
110, Which may in turn include a local data memory access 
(“LDMA”) controller and local message and task queuing 
functionalities as explained in more detail beloW. The 
Xtensa core 102 itself contains all of the Tensilica Instruc 
tion Extension (“TIE”) instructions. 

The ICache 108 may consist of, e.g., a 32K direct mapped 
cache memory contained on the chip 10 With the CPU 102 
and connected to the CPU 102 by, e.g., a 64 bit Wide ICache 
bus 120. The DCache 106 may consist of, e.g., a 4K direct 
mapped cache memory contained on the chip 10 With the 
CPU 102 and connected to the CPU 102 by, e.g., a 64 bit 
Wide DCache bus 122. The DPDR 104 may be, e.g., a 20K 
bit RAM contained on the chip 10 With the CPU 102 and 
connected at one port (A) to the CPU 102 by, e.g., a 64 bit 
DPDR/CPU bus 126 and at the other port (B) to the CPU-IF 
110 by a DPDR/CPU-IF bus 132. The CPU 102 is also 
connected to the CPU-IF 110 by a CPU/CPU-IF bus 128 
Which may also be, e.g., a 64 bit Wide bus. The CPU-IF 110 
may be connected directly to the PLB. Also contained in 
each CPU module 100 may be a plurality of, e.g., 32 
message queues 202(720231 as discussed in more detail 
beloW. This design, including, e.g., bus siZes, Was selected 
among a number of possible designs for a variety of reasons 
including available real estate on the chip 10 and poWer 
consumption, With seven CPU modules 100, Which may be 
essentially identical, on the chip 10. It Will be understood 
that other con?gurations of the CPU module may be pos 
sible, an added IRAM external to the core and larger buses, 
e.g., all 128 bits Wide. Also connected to the PLB may be an 
external memory 150, Which may be, e.g., a 4G memory, 
Which may be, e.g., broken doWn into 2G of cacheable 
memory space 154, and 2G of non-cacheable memory space 
152, and may include a speci?cally set aside RAM emula 
tion address space 156, e.g., Within the cacheable portion 
154. 

In order to maximiZe the design for mean time betWeen 
failure from, e.g., soft error rate, the local memories may 
support byte error correction coding (“ECC”) on, e.g., the 
DPDR 104, While the DCache 106 and the ICache 108 may 
be validated based upon a parity error scheme, both as are 
Well knoWn in the art. 

Message Passing. Turning now to FIG. 3 there is shoWn 
a message passing system 200 according to an embodiment 
of the present invention. Each CPU module 10004006 may 
include hardWare in the message passing system 200 to 
support loW-overhead passing of messages. The message 
system 200 may include a plurality of message queues, e.g., 
32 message queues 202oi2023l. The message system 200 
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4 
may be optimiZed but not limited to for a single producer, 
e.g., a single CPU module 1000, sending messages to a 
single message queue, e.g., message queue 2020 in CPU 
module 1001. Multiple producers to the same set of queues 
20272023 1 may be implemented, but such a design under all 
the circumstances of the embodiments disclosed in this 
application may not perform as Well as a plurality of sets of 
queues. Messages may originate from other CPU modules 
10004006 on the chip 10, local DMA engines Within the 
respective modules 100 or DMA from other third parties on 
the chip 10, i.e., units other than CPU modules 100O*1006. 
The sender, as described in more detail beloW, is alWays 
responsible for not over?owing the target message queue 
202oi2023l. This may be accomplished, as explained in 
more detail beloW, by utiliZing, e.g., a credit-based scheme 
using, e.g., a plurality of credit count registers (“CCRs”) 210 
provided in each CPU module 100. In some cases, hoWever, 
the ?oW-control may be inherent in the ?rmware and the 
CCRs 210 may not be necessary. 

Each CPU module 100 may have 32 message queues 
202(f20231 that may be supported by, e.g., some of 64 local 
CCRs 210O*21063. A message queue, e.g., 2020 may con 
sume a local CCR, e.g., CCR 2100, e.g., if noti?cation is 
required for that queue 2020. The local queue 2020 may also 
consume a remote CCR 210, e.g., a CCR 210 in another 
CPU module 100, if hardWare assist is required for How 
control. Therefore, in the typical application, e. g., tWo CCRs 
210 are consumed for each message queue 202. For 
example, one CCR 210 may be utiliZed on the sender CPU 
module 1000 for tracking credits available to the sender CPU 
module 1000 and one on the receiver CPU module 1000 for 
counting messages received in the respective message queue 
202O associated With the receiver CPU 1001. The siZe and 
location of each message queue 202(720231 may be made 
programmable, but ordinarily Will be a multiple of l6-bytes 
and may be in the present embodiment of the present 
invention not more than 4KB in siZe. Message queues 
202(f20231 for each CPU 102 may be arranged in memory, 
e.g., the DPDR 104 for each respective CPU 102, to start at 
any l6-byte aligned address in the DPDR 104. 

Messages can be designated as ?xed-length or variable 
length on a queue-by-queue basis. The ?rmWare, e.g., in 
association With the CCRs 210(f21063 may handle credits 
differently for the tWo types of message formats, and also 
dependant upon Whether the CCR is in a sender CPU 1000 
or a receiver CPU 1001. For example, hardWare may main 
tain a tail pointer as part of storing the message into the 
respective message queue 202(f20231 Within the respective 
DPDR 104. HardWare may also, e.g., maintain a header 
pointer but some support Will be required from the ?rmWare 
in this event. For example, the loWer 8-bits of the ?rst 32-bit 
Word of any variable-length message may contain the length 
of the message, e.g., speci?ed in 32-bit Words. This Would 
imply a maximum message length of 1K bytes. The length 
of ?xed-length messages may be speci?ed by the ?rmWare, 
e.g., as con?gured in a queue con?guration register, dis 
cussed in more detail beloW. Messages may be broken up 
over multiple transactions, e. g., betWeen a sender CPU 1000 
to a receiver CPU 1001, but the message must be the exact 
length speci?ed. Noti?cation for the receipt of the message, 
e.g., by the receiver CPU 1001 to the sender CPU 1000 may 
be required to be given only after the entire message has 
been received by the receiver CPU 1001. 

There may also be cases Where a message may “Wrap” 
back Within the memory space allocated to a given message 
queue 202(f20231 to the beginning of the message queue 
202(f20231 in the middle of the message. The ?rmWare may 
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also specify the maximum size message that the hardware 
can guarantee not to wrap. If the ?rmware allows wrapping 
of messages in a respective message queue 202(f20231 then 
the ?rmware will also have to detect and deal with this case. 
If there is not room for the entire message at the end of a 
message queue the hardware will place the entire message at 
the beginning of the queue 202(720231 Message wrapping 
must also be considered when determining the appropriate 
number of credits to be assigned to each message queue 

202040231. 
Message Noti?cation. Each CCR 210(f21063 has a noti 

?cation control register that can be used to specify the 
conditions where noti?cation will be requested. If noti?ca 
tion is being requested, the CCR 210(f21063 will attempt to 
win noti?cation arbitration by asserting its arbitration 
request signal. The ?rmware may create an array of “queue 
vectors,” normally somewhere in the DPDR 104. Each 
queue vector is a pointer to a data structure foifn, in an array 
294 of data structures foifn, each of which can contains the 
necessary information to process that particular queue 
202(f2023 1. Hardware will select the winner of noti?cation 
arbitration and place the address of a queue vector for that 
queue foifn into a queue vector pointer register (“QVPR”) 
290. If there is currently nothing to do, the contents of an 
NOP offset vector pointer register will be copied into the 
QVPR 290. Processing the NOP vector will result in reading 
the QVPR 290 again. 

The QVPR 290 may contain the address of a queue vector 
base ?eld, qvec_base, e.g., in bits 31:9 and a queue vector 
offset ?eld, qvec_olfset, e.g., in bits 8:2, with bits 1:0 set to 
Zero. The QVPR 290 may be initialiZed to all Zeros, e.g., at 
power up. The NOP vector offset register can contain an 
NOP offset, nop_o?fset, e.g., in bits 6:0, with the rest of the 
bits in the register reserved. 

If noti?cation is enabled for a CCR 210(f21063 the 
respective CCR 210(f21063 will attempt to notify the local 
CPU 102(f1026 anytime the respective CCR 210F21063 
count is non-negative. The CCRs 210(f21063 may be imple 
mented as l0-bit counters so the number is considered to be 
negative if the MSB bit 9 (“sign bit”) is asserted. The CCRs 
210(f21063 may be sign-extended on reads. Noti?cation 
normally can be in the form of hardware arbitration. Noti 
?cation may also be speci?ed to be an interrupt to the local 
CPU 1000 or 1006 or simply asserting a bit in a noti?cation 
poll register, as discussed below. 

Noti?cation arbitration may be divided into four different 
arbitration groups. Each CCR 210(f21063 that is participat 
ing in noti?cation arbitration may be assigned to one of the 
arbitration groups. The relative arbitration priority may be 
speci?ed between the different groups, i.e., each group may 
be given a priority class, which also may be, e.g., one of four 
possible classes. Therefore, the group for each CCR 
210(f21063 may be speci?ed in its noti?cation con?guration 
register. The class for each arbitration group is speci?ed in 
the arbitration group control register. Simple round-robin 
arbitration may be performed within each arbitration group, 
each such CCR 210F21063 within each such arbitration 
group, by de?nition, being of the same priority class. Each 
arbitration group can be dynamically enabled or disabled 
from the arbitration process by the setting of an arbitration 
enable bit in the arbitration group enable register during 
normal operation without impacting the fairness within an 
arbitration group. 
Head Pointer Management. Each CPU module 100(f1006 

may contain hardware support for managing such things as 
messaging, e.g., by managing such things as message queue 
head pointers, e.g., within CPU bus/memory interface 110. 
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6 
The ?rmware may, e.g., read the next head pointer register 
296 to get, e.g., an address of the ?rst word of a message. 
The ?rmware may be con?gured to create the next head 
pointer by writing the length of the current message to an 
update head pointer register. Hardware can then, e.g., cal 
culate the next head pointer and store the value back. 
Accesses to the next head pointer register 296 and the update 
head pointer register may be made after reading the QVPR 
290 or writing to an arbitration results register, as discussed 
below. 

Flow Control. Message queue 202(f20231 ?ow control 
may be con?gured to be exclusively under ?rmware control. 
The hardware provides credit-counting registers (“CCRs”), 
e.g., CCRs 210(f21063 which may be utiliZed to assist in 
credit management if necessary, as explained in more detail 
below. In some cases, ?ow control may be implicit in the 
protocol for some message queues 202(f20231 and credit 
based ?ow control will not be required as to those respective 
ones of, e.g., the message queues 202oi2023l. If required, 
however, the credit scheme may be used as part of the 
message ?ow control for the message queues 202O*20231.A 
credit can represent some amount of physical storage in the 
message queue 202oi2023l. The message producer must 
never send a message unless it has enough credits. For a 
?xed-length message, it is most ef?cient to have one credit 
represent the storage required for one message. For variable 
length messages, however, a choice for the representation of 
amount in a credit may be, e.g., two words (8-bytes) of 
queue 202(720231 storage. Two words is a good choice 
because in the described embodiment this is can also be 
selected as the smallest unit of storage ever consumed when 
storing a message, e.g., in a message queue 202(f20231 in 
the DPDR 104. Any message that is an odd number of words 
in length will consume an extra word of storage because in 
the disclosed embodiment, e.g., new messages are stored at 
8-byte aligned addresses. This message alignment can be 
taken into consideration when doing ?ow control and when 
determining the required siZe of a queue 202oi2023l. The 
other parameter that must also be taken into consideration is 
the effect of hardware wrapping. 

There are several registers on each CPU module 100 that 
may be dedicated to message passing. Some of these reg 
isters are located in CPU-IF 110 PIF register space and may 
have low-latency access time. Others may be located in 
con?guration space and are relatively slower. 

Queue Con?guration Registers (“QCR”). Each message 
queue 202F20232 may have associated with it a message 
queue con?guration register (“QCR”). Each QCR may be 
used to specify the siZe and behavior of each of the respec 
tive message queues 202oi2023l. Each of the respective 
QCRs may normally be con?gured by the ?rmware, e.g., at 
power up and ordinarily does not need to be modi?ed 
thereafter during operation of the CPU module 10071006. 
The ?elds in each of the respective QCRs may be con?gured 
to include the various ?elds. Each QCR may include a 
message siZe ?eld, msg_siZe, eg in bits 7:0, which may be 
used to specify the maximum message siZe, e.g., in 4-byte 
words, that is guaranteed by the hardware not to wrap within 
the respective message queue 202oi2023l. For ?xed-length 
messages the message siZe ?eld can also specify the exact 
length of all messages sent to this queue 202oi2023l. Each 
QCR may also include a ?xed length message ?eld, ?x 
ed_len, eg in bit 30, which may be used to indicate that all 
of the messages for the respective message queue 
202(f20231 must be exactly the length speci?ed in the 
message siZe ?eld msg_siZe. 
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Each QCR may also include a message queue siZe ?eld, 
qsiZe, eg in bits 27:20, which may represent the siZe of the 
respective message queue with a granularity of multiples of 
sixteen bytes. The message queue 201720231 may have 
(qsiZe+l) l6-byte quad-words. A maximum siZe may be 
established, e.g., 4KB that can be con?gured in the respec 
tive QCR. Each QCR may also include a message queue 
base address ?eld, qbase, e.g., in bits 17:8 of the QCR 
register in hardware. The message queue base ?eld, qbase, 
may be used to specify the base DPDR 104 offset for the 
respective message queue 202(720231 which identi?es the 
location of the respective message queue 202(f20231 within 
the respective DPDR 104. 

Message queues 202(f20231 can be located, e.g., at any 
l6-byte aligned address in the respective DPDR 104. Each 
QCR may also include a CCR increment enable bit ccr_en, 
e.g., at bit 18, which may be used, when asserted, to cause 
the respective CCRO*CCR_corresponding to the respective 
message queue 202(720231 to be incremented when a new 
message has been received. Message queue 2020 may be 
related to CCRO, message queue 2021 may be related to 
CCRl, etc. Each message queue QCR-21031 may also have 
a head pointer enable ?eld, hptrl3 en, e.g., at bit 19, which 
may be utiliZed, when asserted, to cause the CCRO£CR31 
corresponding to this message queue 202(720231 to be 
decremented when an update head pointer register is written 
when the respective queue 201720231 is the most recent 
winner of noti?cation arbitration, as explained in more detail 
below. 

The message queues 202(f20232 may be con?gured to not 
have direct noti?cation capability. If noti?cation is needed 
the ccr_en bit must be asserted in the respective message 
queue con?guration register. This causes the respective 
CCRO£CR3 1 designated for that respective message queue 
202(f20231 to be incremented by the hardware, e.g., once 
for each message that is written to the respective queue 
202oi2023l. The respective CCRO*CCR_may be con?gured 
to have noti?cation capabilities. If the hptr_en bit is asserted 
in the respective queue con?guration register the respective 
CCRO£CR31 may be decremented by the hardware, e.g., 
when an update head pointer register is written. If a respec 
tive message queue 202(720231 is not using its respective 
CCRO£CR3 1 ccr_en will be set to 0 and hptr_en will be set 
to 0. The respective CCRO£CR3D which may be simply a 
general purpose register within the respective CPU module 
10004006, may be used for other purposes. Most message 
queues 202(720231 will ordinarily need noti?cation and 
therefore consume a respective local CCRO£CR3I. If 
enabled, noti?cation for arbitration purposes may be con 
?gured to be attempted anytime the respective 
CCRO£CR31 value is non-negative, i.e., the sign bit in the 
respective CCRoiCCR31 is set to 0. The respective queue 
con?guration registers ordinarily are initialiZed by the ?rm 
ware prior to receiving any messages, e.g., at power up. 

Queue Tail Pointer Registers (TPR). Each message queue 
202(f20231 may maintain a tail pointer register (“TPR”) that 
may contain an address within DPDR 104 where the next 
word of a next message to be consumed will be stored, once 
received. These TPR registers may be maintained by the 
hardware but may also be initialiZed by the ?rmware to point 
to the beginning of the respective message queue 
202oi2023l, e.g., at power up. The TPR registers are 
described in more detail below. Messages are ordinarily 
stored in a DPDR 104 beginning with an 8-byte aligned 
address. This can impact the amount of storage required for 
messages. For example, if a message contains an odd 
number of words, the respective TPR register will be incre 
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8 
mented by hardware to point to the next word prior to 
receiving the next message. This will be an indication that an 
extra word was consumed for storing the message. This 
extra word must be taken into consideration when siZing the 
message queues 202(72023 l and when determining the num 
ber of credits required to send a message, as explained in 
more detail below. For example, if a credit is designated by 
the ?rmware to represent 1 word of storage in the respective 
message queue 202oi2023l, it requires 4 credits to send a 
message of actual length 3. Likewise, if a message queue 
202(f20231 needs to hold eight 5-word messages it would 
need to be 48 words (8x6) deep. 

Each TPR may include a read/write message tail pointer 
?eld, tail_ptr, e. g., in bits 14:2, which may be used to specify 
the location in the DPDR 104 where the next word of the 
message will be stored once received. This tail pointer ?eld 
in the TPR register may be initialiZed by the ?rmware prior 
to receiving the ?rst message to point to the base of the 
respective message queue 202oi2023l. Each TPR may also 
contain a read/write message word count ?eld, word_cnt, 
e.g., in bits 23:16, which may be utiliZed as temporary 
storage by the hardware to count the number of words in an 
incoming message. This message word count ?eld may be 
initialiZed to Verilog, e.g., 8'h00 eight bits hexadecimal 
starting at 00 by ?rmware at power up. Each TPR may also 
contain a read/write queue wrap indication ?eld, W, e.g., at 
bit 24, which may be utiliZed by being toggled by the 
hardware to indicate each time the hardware wraps a mes 
sage in the respective message queue 202(f20231 back to the 
beginning of the respective message queue 202(72023 1. This 
queue wrap indication ?eld may be used only to distinguish 
full from empty, e.g., for message queue over?ow detection. 
The ?rmware should initialiZe this bit to 0. Direct access to 
the TPRs may only be supported at certain times, e.g., at 
initialization and for test. Direct access while any sort of 
messages are active may result in unde?ned behavior. 

Credit Counter Registers. Each CPU module 10004006 
may actually contain, e.g., 64 CCRs 210(721063. Each CCR 
210(f21063 may be con?gured to contain a read/write credit 
count ?eld, credit_cnt, e. g., in bits 9:0, which can be utiliZed 
by being incremented or decremented as applicable by the 
hardware every time a credit is consumed by the receipt of 
a message or utiliZed by the transmission of a message. The 
respective CCR 210(f21063 may also be sign-extended 
when read. This is done so the respective CPU 10204026 
will interpret the number as negative any time credit_cnt[9] 
:1. The credit count ?eld, credit_cnt can contain the number 
of credits currently available for the designated resource, 
i.e., that is being serviced by the respective CCR 210. 

These CCRs 210(f21063 may function primarily as count 
ing semaphores and can be used for several different appli 
cations in addition to those described above. The ?rst 32 
CCRs 210(721031 may be slightly specialiZed in that they 
can, as discussed above, be logically tied to a respective 
message queue 202(f20231 by asserting the ccr_en bit in the 
CCR enable ?eld of the corresponding queue con?guration 
register for the message queue 202F2023 1. The respective 
CCR 210(721031 may function as a message counter. In this 
application the respective CCR 210(721031 may be incre 
mented by hardware when a message is delivered to the 
corresponding message queue 202oi2023l. The hardware 
may also optionally decrement the respective CCR 
210(f21031 that is the winner of noti?cation during arbitra 
tion, e.g., when the head pointer ?eld in the update head 
pointer register is updated by writing to the update head 
pointer register. 
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Any of the CCRs 2100421031 may be incremented by, 
e.g., the local DMA controller within the CPU bus interface 
110, e.g., upon the completion of a DMA operation. In this 
application the CCRs 210, e.g., CCRs 2100421031, may be 
used primarily to provide noti?cation to the local CPU 
102041026 when a DMA operation has been completed. For 
example, prior to initiating a local DMA operation the local 
CPU 102041026 could write a DMA completion message 
directly to a respective one of the message queues 
2020420231. The respective one of the message queues 
2020420231 should not have its CCR 2100421031 enabled, 
i.e., no noti?cation of the message will occur. Then the CPU 
102 may schedule the DMA with it con?gured to increment 
the ccr_n ?eld within the respective one of the CCRs 
2100421031 upon completion of the DMA operation. In this 
example a completion message would reside in the respec 
tive message queue 2020420231 before the DMA is com 
pleted and it would not be “delivered” to the local CPU 
102041026 until the DMA operation was complete. This 
mechanism can also be used effectively if noti?cation of the 
DMA completion is required but no message is needed. In 
this case a respective one of the CCRs 2100421063 could be 
used but a respective message queue 2020420231 not used. 
Any one of the 64 CCRs 2100421063 may also be desig 

nated, e.g., to provide ?ow control for a DMA queue 
(“DMAQ”). In such an application the respective CCR 
2100421063 may be used primarily to notify the local CPU 
102041026 when room becomes available in the DMAQ for 
additional DMA operations. When this function is enabled, 
the respective one of the CCRs 2100421063 may be initial 
iZed by the ?rmware to re?ect the depth of the DMAQ, e.g., 
8 entries. The ?rmware may perform a read-decrement to the 
designated CCR 2100421063, e.g., to check for available 
credits, e.g., prior to writing a descriptor to the DMAQ. The 
designated CCR 2100421063 may be incremented by hard 
ware any time a DMA operation completes. 
Any CCR 2100421063 may also be used to track credits to 

a respective message queue 2020420231. The respective 
message queue 2020420231 may either be local to the respec 
tive CPU 102 on the respective CPU module 100041006 or 
on a remote CPU module 100041006. In such an application 
the ?rmware should initialiZe the respective CCR 
2100421063 to the number of credits available. Ordinarily 
the ?rmware on the respective local CPU module 100041006 
will decrement the respective CCR 2100421063 by the 
appropriate number of credits when sending a message. 
Similarly, ordinarily the ?rmware on the respective CPU 
module 100041006 containing the receiving CPU 102041026 
may increment the respective CCR 2100421063 on the 
respective CPU module 100041006 containing the sending 
CPU 102041026 by the appropriate number of credits once 
the message has been removed from the respective message 
queue 2020420231 on the respective CPU module 100041006 
containing the receiving CPU 102041026. 

In some instances the sending and receiving CPU 102 
may be the same, in which event only CCRs 210 on the same 
CPU module 100 will be involved. CCRs 2100421063 may 
be considered to be l0-bit signed values. When the value in 
a CCR 210 is read by a CPU 102 the data will be sign 
extended so the CPU will interpret the contents as a negative 
number if the most signi?cant bit of the CCR credit count 
?eld credit_cnt in the respective CCR 2100421063, is set to 
a l, i.e., the credit_cnt ?eld has been decremented until the 
sign bit, MSB in the credit_cnt ?eld (bit 9) is set. 
CCR Commands. Each CCR 2100421063 may be aliased 

to four different addresses in either the Processor Local Bus 
(“PLB”) 200420l address space and or the local CPU-IF 110 
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10 
register space. A function that may result from each of the 
possible settings ofthe bits, e.g., bits 5:4 in a command ?eld 
within each CCR 2100421063 address may be to select four 
different functions. The cmd ?eld may be derived from 2 bits 
of the address used to access the respective CCR 
2100421063. The composition ofa CCR 2100421063 address 
may differ, e.g., for a PLB 20 access and a local CPU 
bus/memory 110 access. The PLB CCR address may include 
certain bits that are always set or not set to indicate to the 
?rmware that this is a particular kind of address, e.g., a PLB 
CCR address, e.g., bits 6, 18 and 28:27. The PLB CCR 
address may also include a CCR number ?eld, ccr_num, 
e.g., in bits 12:0, that identi?es a target CCR 2100421063 on 
a target CPU 102041026 on a target bus. The PLB CCR 
address may also include the identify of a target CPU unit in 
a unit number ?eld, unit_num, e.g., in bits 23:20 and a target 
bus identi?cation ?eld, bus, e.g., in bits 30:29. 

In addition to the normal processor bus/memory interface 
110 and PLB 20 direct access to the CCRs 2100421063, the 
hardware and ?rmware may be con?gured to allow indirect 
access, which may be provided, e.g., via a processor bus/ 
memory interface 110 register, e.g., containing the identity 
of the most recent winner of noti?cation arbitration as the 
CCR 2100421063 being accessed. The address of, e.g., the 
processor bus/memory interface 110 CCR/NCR register 
used for such indirect access of the respective CCR 
2100421063 may contain a noti?cation ?eld bit, i.e., bit 6 in 
the CCR local address access register is asserted the indirect 
access will go to the noti?cation con?guration register 
instead of the CCR. The target of an indirect CCR access can 
also be speci?ed by writing to an arbitration results register. 
The CCR Local Access address may have certain bits set or 
not set to indicate to the ?rmware that it is an address 
accessible only locally on the respective CPU 100 module 
from the bus interface 110 side. The local address may have 
a bit 6 that is set or not to indicate if an indirect access is 
being made that it should be through the noti?cation con 
?guration register and not the respective CCR. 210. 
The four separate functionalities may be used for a read 

to read contents and for a write to add the written value, or 
for a read to read the contents and for a write to subtract the 
written value or for a read to read and decrement and for a 
write to write the value and ?nally for a read to read, 
decrement and lock and for a write to unlock, depending 
upon the condition of, e.g., bits 5:4. The address for the 
respective CCR 2100421063 can be contained in a seven bit 
CCR number ?eld ccr_num, e.g., in bits 12:6 indicating the 
given CCR number within the given target unit that contains 
the target CCR 2100421063 on the given bus. A certain 
physical CCR 2100421063 may always be selected to be 
CCR 2100. For CPUs 102041026, the unit number may be 
the same as the CPU 102041026 number. The access address 
register can also indicate the bus on which the CCR is, e.g., 
in a bus ?eld, bus, e.g., in bits 30:29, and can indicate the 
target CPU unit number, e.g., in a CPU unit number ?eld, 
unit_num, e.g., in bits 24:20, i.e., up to sixteen units. 

Each CCR 2100421063 register may be capable of han 
dling a simultaneous access from both sides, i.e., external 
and local. 
A Read/Decrement command will return the contents of 

the CCR 2100421063, and also decrement the CCR 
2100421063 by 1 unless the CCR 2100421063 already con 
tains a —l. The CCRs 2100421063 and the ?rmware may also 
decrement the CCR 2100421063 even if its contents are 
negative but not — l. A Read/Decrement/Lock command will 
return the contents of the CCR 2100421063 unless the CCR 
2100421063 is already locked, in which case it will return a 
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—1. The CCR 210(f21063 Will then be decremented by 1 
unless a —1 Was returned as the read data, Which can be 
because of the lock or because the contents Were already —1. 
The CCR 210(721063 Will be locked if the content of the 
CCR 210(f21063 Was actually decremented (i.e. anything 
but —1 Was returned). The CCR 210F21063 Will remained 
locked until an unlock command is issued. The Read/ 
Decrement/Lock and unlock commands may be the only 
commands for Which the operation performed responsive to 
the command is affected by Whether the CCR 210(721063 is 
locked or not. Other functions may ignore a locked state of 
the CCR 210(f21063 and/or not change the state of the lock 
bit. The lock bit may only be initialized by doing an unlock 
operation, and therefore, this should be part of the initial 
iZation process. 

Indirect CCR Access. In addition to the normal PIF and 
PLB direct access to the CCRs, indirect access can be 
provided via a PIF register using the most recent Winner of 
noti?cation arbitration as the CCR being accessed. The 
address used for indirect access of the CCR may contain a 
command ?eld cmd, e.g., in bits 5:4, and if bit 6 is asserted 
the indirect access Will go to the noti?cation con?guration 
register instead of the CCR. The target of an indirect CCR 
access can also be speci?ed by Writing to the Arbitration 
Results Register. 

Multiple Producer Support. Single message queues 
201720231 With multiple producers potentially Writing to 
the respective message queue 202(720231 can be supported 
by using the lock functionality of the respective CCRs 
2l0oi2l063. For example, When a read/decrement/lock 
operation is targeted to the respective CCR 210F21063 
according to the disclosed embodiment it Will normally 
return the contents of the CCR 2l0oi2l063, e.g., in cases 
Where, e.g., tWo message producers need to share a message 
queue and share credits, or possibly other resource sharing, 
e.g., betWeen CPUs. If the CCR 210(f21063 is already 
locked When the read occurs a —1 Will be returned (no credit) 
regardless of the contents of the CCR 210F21063 register. 
The lock function should only be required, e.g., if the 
transaction that Writes the message to the queue 202(720231 
is not guaranteed to deliver the data atomically. The lock 
function can be used to, e.g., prevent messages from mul 
tiple producers from becoming intermixed by restricting the 
system to one message at a time. The producer must obtain 
the lock and credit and then complete all of the Write 
transaction to the respective bus prior to relinquishing the 
lock. For this mechanism to be effective and simple to 
con?gure, usually it requires that all messages be the same 
length and a single credit represents an entire message. If 
messages are delivered atomically the CCR 210(f21063 can 
still required to obtain credits but the CCR 210F21063 may 
not need to be locked. 

Another possible con?guration, as an alternative to 
requiring atomic messages from the performance perspec 
tive, could be to distribute the available credits among the 
multiple producers. For example, if a queue 202(f20231 is 
siZed for 4 messages With tWo producers (A and B), device 
A could be given 2 credits and device B Would get tWo 
credits. This eliminates the need for a CPU 102(71026 to 
have to do an external read to obtain a credit. HoWever, in 
such a con?guration the queue 202(f20231 may be less 
efficiently used because no one producer is capable of ?lling 
the entire queue 202oi2023l. Also, the message consumer 
has to look at the message content to ?gure out Where to 
recycle the credit, as explained in more detail beloW. 

Message Noti?cation Registers. A number of registers are 
utiliZed for noti?cation of the CPU 102(71026 including the 
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12 
noti?cation control registers, each associated With a respec 
tive CCR 210(721063. The respective noti?cation control 
register can be used for control, e.g., of if, When, and hoW 
a CCR 210(f21063 attempts to notify a CPU l02oil026. The 
?elds in the respective NCRs may include a read/Write 
notify enable ?eld, notify_en, e.g., in bit 0, Which, When 
asserted, Will cause CPU noti?cation to be attempted When 
the credit count ?eld, credit_count, in the respective CCR 
210(f21063 is a non-negative number. Noti?cation in the 
embodiment disclosed can be con?gured to alWays include 
setting a bit in a noti?cation poll register. Interrupts and 
arbitration are also options. 
The con?guration and contents of the respective NCRs 

can also include a read/Write arbitration enable ?eld, arb_en, 
e.g., at bit 2, Which, When set, Will cause the respective CCR 
210(f21063 to notify the CPU 102(71026 by participating in 
noti?cation arbitration. This ?eld is ignored if the notify 
enable ?eld, notify_en is:0. The respective NCRs may also 
include a read/Write interrupt enable ?eld, int_en, e.g., at bit 
1, Which, When asserted, can cause the respective CCR 
210(f21063 to notify the CPU 102(71026 by generating an 
interrupt. The respective CCR 210(f21063 may also include 
a read/Write arbitration group ?eld, arb_gp, e.g., at bits 4:3, 
Which speci?es the arbitration group to Which the respective 
CCR 210(f21063 belongs. 

This arbitration group ?eld is ignored if the notify enable 
?eld, notify_en, is:0 or the arbitration enable ?eld, arb_en, 
is:0. 
A CCR 210F21063 Will attempt noti?cation any time it is 

enabled and the value in the CCR 210(f21063 is non 
negative. As an example: if a producer Wants to send a 
message that requires 5 credits the producer Would, e.g., 
generate a Write subtract to the respective CCR 210(721063 
in order to subtract 5 from the CCR 210(f21063 by doing 
such a Write to the respective CCR 210(721031 and then 
perform a local read to the respective local CCR 210F21063 
to see if the respective local CCR 210F21063 Was still 
non-negative. 

If the CCR 210(721063 contains a negative number, it 
Would then enable noti?cation and go on to perform some 
other function. When the 5”’ credit is placed in the CCR 
2l0oi2l063, the value Would be equal to 0 and the CCR 
210(f21063 Would again attempt noti?cation. When the 
producer is noti?ed it must remember that it has already 
subtracted the 5 credits and it is noW safe to send the 
message. 
NCR commands. Each NCR may also be aliased to four 

different addresses in either the PLB 20 address space and or 
the local processor bus/memory interface 110 register space. 
The four separate functionalities may be, e.g., for a read a 
read contents and for a Write a Write contents, or for a read 
a read contents and for a Write a Write to the notify enable 
?eld notify_en in the noti?cation control register, or tWo 
other functionalities currently reserved, as is determined by 
the contents of the command ?eld cmd in the NCR access 
address, e.g., a PLB NCR access address. The command 
?eld, cmd, may be e.g., bits 5:4 of the NCR access address. 

Similarly, a local processor bus/memory interface 110 
NCR address, distinguished from a PLB NCR access 
address as noted above With respect to PLB CCR and local 
CCR access addresses, including bit 6 set to 1, may contain 
similar ?elds. 
Queue Vector Pointer Register (“QVPR”). The contents of 

a queue vector pointer register (“QVPR”) 290, shoWn in 
FIG. 3 may be con?gured to be determined by both ?rmWare 
and hardWare. The ?rmWare may initialiZe a queue vector 
base ?eld, qvec_base, and the hardWare may generate a 
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queue vector o?fset ?eld, qvec_olTset. The queue vector 
o?fset ?eld, qvec_olTset, may be based on the most recent 
winner of noti?cation arbitration. If there is currently no 
CCR 210(f21063 requesting noti?cation arbitration, the 
queue vector o?fset ?eld, qvec_olTset, may be derived from 
the contents of the NOP vector offset register. The ?rmware 
may initialiZe an array of pointers somewhere in memory 
that point to data structures contained in an array 294 used 
to process each of the CCRs 210O*21063. The ?rmware may 
also initialiZe the queue vector base ?eld, qvec_base, to 
point to that array 294. Once initialiZed, the QVPR 290 
should always contain the address of the pointer for the 
respective CCR 210(721063 that is the most recent winner of 
noti?cation arbitration. 
When the ?rmware is looking for the next thing to do it 

will read the QVPR 290 to get the address of the next pointer 
to process, i.e., the one that was the most recent winner of 
the arbitration process. The queue vector o?fset ?eld, qvec_ 
o?fset, is a read only ?eld in the respective QVCR 290 that 
is, e.g., in bits 8:2, which speci?es the o?fset into the array 
of pointers 294 located at the memory location speci?ed in 
the queue vector base ?eld qvec_base. The value of the 
queue vector o?fset qvec_olTset is always the same as the 
curr_ccr ?eld of an arbitration results register. The curr_ccr 
?eld also speci?es the CCR 210(721063 that is the most 
recent winner of noti?cation arbitration process. The queue 
vector base ?eld, qvec_base, is a read/write ?eld that con 
tains the base memory address of the array of pointers 294 
used to process the respective CCR 210(f21063 that won 
noti?cation arbitration. 

Reading the queue vector pointer register has the side 
effect of locking in the current CCR ?eld, curr_ccr, in the 
arbitration results register. The value in the current CCR 
?eld, curr_ccr, in the arbitration results register will not 
change until the QVPR 290 is read again. The current CCR 
?eld, curr_ccr, can be used to determine the value of the next 
header pointer register 296 and indirect accesses to the 
CCRs and NCRs. The current value ?eld, curr_ccr, in the 
arbitration results register can also be used when writing to 
the update head pointer register. The current CCR ?eld, 
curr_ccr, in the arbitration results register can also be 
modi?ed by writing to the arbitration results register. 

Head Pointer Register (HPR). Each message queue 
201720231 maintains a head pointer. The head pointer is 
never used directly by the hardware, except for message 
queue 201720231 over?ow detection. The head pointer is 
provided to assist the ?rmware in loading the next message 
from a particular message queue 202oi2023l. There is a 
head pointer register (“HPR”) included for each of the 
message queues 202oi2023l. The HPRs will normally be 
accessed indirectly via the next head pointer register 296 and 
the update head pointer register. The HPRs can be read and 
written directly but that may only be allowed for initialiZa 
tion and diagnostic purposes. Direct access to the HPRs 
while there is other head pointer activity can cause corrup 
tion of the head pointers. Each respective head pointer 
register may contain a head pointer ?eld, head_ptr, e.g., at 
bits 14:2, which is a read/write ?eld that speci?es the 
address in local data RAM, i.e., the DPDR 104, where the 
?rst word of the next message in a respective message queue 
202(f20231 is stored. Each respective head pointer register 
must be initialiZed by the ?rmware to point to the base 
location of the respective message queue 202(720231 prior 
to receiving the ?rst message. 

This initialization value may be obtained from the queue 
vector base ?eld, qvec_base, and queue vector o?fset ?eld, 
qvec_olTset, values in the respective queue vector pointer 
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register 290. Each head pointer register also has a wrap ?eld, 
W, e.g., at bit 15, which is maintained by hardware and used 
to distinguish a message queue 202(f20231 that is full from 
a message queue 201720231 that is empty when the head 
pointer equals the tail pointer. The bit must be initialiZed to 
0 by ?rmware before using the respective message queue 
202(f2023 and not be modi?ed while the respective message 
queue 202(f20231 is in operation. 
Next Head Pointer Register (NHPR). The respective 

NHPRs can be utiliZed to always re?ect the value of the 
HPR associated with the most recent winner of noti?cation 
arbitration. If the most recent winner was a CCR 210F21063 
greater than CCR 21031, the contents of the NHPR will be 
unde?ned, when no further message queues exists in addi 
tion to message queues 202oi2023l. The most recent winner 
of noti?cation arbitration is established when the QVPR 290 
is read. The head pointer base ?eld, head_ptr_base in the 
next head pointer registers NHPRs is initialiZed by ?rmware 
to point to the base address of the respective one of the 
message queues 202oi2023l. This would normally be the 
internal DPDR 104 address but could be mapped to the PIP 
110 or PLB 20 DPDR 104 address. Writes to the NHPRs are 
done only to initialiZe the head pointer base ?eld, head_ptr_ 
base. 

Update Head Pointer Register (UHPR). An update head 
pointer register (“UHPR”) can be provided to assist the 
?rmware in updating the head pointer registers. Writes to 
each respective UHPR will result in the value written being 
added to the contents of the respective head pointer register 
pointed to by the most recent winner of noti?cation arbitra 
tion process. The hardware can be con?gured to deal with 
wrap-around on the head pointer based on the speci?ed 
queue siZe and message siZe. The msg_siZe ?eld of the 
respective QCR, will specify the maximum siZe message 
that the hardware can guarantee not to wrap. If the ?rmware 
reads a message of length less than or equal to value of the 
message siZe ?eld, msg_siZe, the ?rmware does not have to 
check for the wrap case. If the current winner of noti?cation 
arbitration is a CCR 210F21063 number greater than 
CCR3 1, writes to this register will have no e?fect. 
The head pointer increment ?eld, head_ptr_inc, a write 

only ?eld, e.g., at bits 7:0 of the update head pointer register 
may be used to contain a value that can be added to the value 
stored in the head pointer register associated with the 
respective CCR 210F21063 that most recently won noti? 
cation arbitration. The hardware will deal with roll-over of 
the head pointer. If the CCR 210(f21063 that most recently 
won noti?cation arbitration is not associated with a message 
queue 202(720231 then writing this register has no e?fect. 
QVPR Stall Enable Register. Each QVPR 290 may con 

tain a stall enable bit, which, when asserted will cause the 
QVPR 290 to stall the respective CPU 102(71026 on reads 
when no CCR 210(f21063 is attempting noti?cation arbi 
tration. The stall will be caused essentially by the respective 
QVCR 290 not returning a data ready to the respective CPU 
10204026 when there is no CCR 210(721063 attempting 
noti?cation arbitration. This stall may be broken if an 
interrupt is issued to the respective CPU 102O*1026. This 
feature is useful in conserving power and preventing unnec 
essary bus communication for a processor that is not fully 
utiliZed looking for something else to do. The QVPR 290 
stall enable registers may include a stall enable ?eld, 
stall_en, which is a read/write ?eld, e.g., contained at bit 0, 
which when set will cause reads to the respective QVPR to 
stall the respective CPU 102(71026 if there are no CCRs 
210(f21063 requesting noti?cation arbitration. The QVPR 
stall enable registers may also contain an arbitration mode 
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read/Write ?eld, e.g., at bit 1 that When set Will cause a 
re-arbitration to take place for every CCR request change 
that occurs. This mode Will increase the average latency of 
reading the QVPR but should produce more effective arbi 
tration results. 
NOP Vector Offset Pointer Register. The NOP vector 

o?‘set pointer register can be initialiZed by the ?rmware, e.g., 
folloWing reset. The NOP vector o?‘set pointer register may 
include a read/Write NOP o?‘set ?eld, nop_o?‘set, e.g., in bits 
6:0 that can be copied from bits 8:2 of the respective QVPR 
if there is no CCR 2100421063 requesting noti?cation arbi 
tration. 

Normally this ?eld Will be set to the maximum number of 
CCRs 2100421063 participating in noti?cation arbitration 
+1. The purpose of the NOP vector is to indicate to the 
?rmWare that there are no CCRs 2100421063 requesting 
arbitration noti?cation. 

Noti?cation Poll Register. A noti?cation poll register can 
be a read-only register that contains a bit for every CCR 
2100421063. Each such bit, e.g., notify_poll[0] maps to a 
respective one of the CCRs, i.e., CCRO, notify poll[l] maps 
to CCRl, etc. Each such bit can be asserted if the corre 
sponding CCR 2100421063 is attempting noti?cation. Noti 
?cation Will be attempted anytime (notify_en:1) and 
(CCR>:0). The Noti?cation poll register must be accessed 
as tWo separate 32-bit registers, unless a TIE instruction is 
utiliZed. Writes to the noti?cation poll registers have no 
effect. The main intent of the noti?cation poll register is to 
provide the ?rmWare With all the information it needs to 
determine Which CCR 2100421063 to service next in case it 
doesn’t Want to use the hardWare arbitration or interrupt 
method. 

Noti?cation Interrupt Register (N IR). A noti?cation inter 
rupt register can be used to identify any CCR 2100421063 
that is attempting noti?cation via interrupts. It is also a 
64-bit register With each bit used to indicate if the associated 
CCR 2100421063 is issuing an interrupt. All CCR 
2100421063 interrupts can map to the same interrupt signal 
to the Xtensa core 102. An interrupt can be cleared by either 
disabling the interrupt or by taking steps necessary to make 
the CCR 2100421063 value negative. 

Noti?cation Arbitration. Noti?cation arbitration is the 
primary means of a CCR 2100421063 notifying a respective 
CPU 102041026 of a message/task being ready for process 
ing. Each CCR 2100421063 participating in noti?cation 
arbitration Will be assigned to one of four arbitration groups, 
e.g., in the noti?cation (arbitration) control register 
(“NCR”). 

Arbitration Group Control Register. Each arbitration 
group can be assigned a class and a priority, e.g., in the 
arbitration group control register. Each of the groups, e.g., 
3-0 may be de?ned in the arbitration group control register, 
e.g., utiliZing four groups of 8 bits, respectively 7:0, 15:8, 
23:16 and 31:24, With the 6 LSBs in each such group 
containing the priority count and the upper tWo MSBs 
identifying the class of the group. 

These tWo ?elds determine the order in Which hardWare 
service requests Will occur When there are multiple noti? 
cation requests active. The noti?cation con?guration register 
can be used to specify Which arbitration group the respective 
CCR 2100421063 is using. The four groups in the arbitration 
group control register may each include a priority ?eld, 
priority, e.g., in bits 5:0, 13:8, 21:16 and 29:24 that is a 
read/Write ?eld that can be used to specify the priority count 
of group N. This ?eld can be implemented as a count of the 
number of times a CCR 2100421063 in another group in the 
same class Will be the Winner of arbitration relative to this 
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group. The higher the priority count, the loWer the priority. 
Each of the other tWo MSBs in the four groups in the 
arbitration group control register may be used to identify a 
respective one of four classes to be associated the respective 
group 3-0. Arbitration groups Will not Win noti?cation 
arbitration if there is an active request from a group With a 
higher class. The higher the class number, the higher the 
priority. 
CCRs 2100421063 of similar functionality can be in the 

same group. For example, all messages queues 2020420231 
that are used for “neW Work” can be put it the same 
arbitration group. If the respective CPU 102041026 gets to a 
point Where it is unable to service neW Work, due, e.g., to its 
memory being full, it Would disable arbitration for that 
group of message queues 2020420231. This Would have no 
effect on the other arbitration groups. Each arbitration group 
is assigned a priority count and class relative to the other 
arbitration groups. For example, if arbitration groups 0 and 
1 are both arbitrating at class 3 and group 0 has a priority 
count of 1 and group 1 has a priority count of 10, group 1 
Will Win arbitration approximately every 10th time over 
arbitration group 0, again, assuming there are alWays 
requests active in both groups. 

Arbitration Group Enable Register 
An arbitration group enable register may be used to 

control Whether the associated arbitration group 0-N, e.g., 
0-3 is enabled to participate in noti?cation arbitration. The 
arbitration group enable registers may all be implemented as 
read/Write registers having the LSB form an enabled ?eld, E, 
Which When asserted for the group 0-N associated With the 
particular arbitration group enable register is participating in 
noti?cation arbitration. The arbitration group enable regis 
ters can be accessed directly via the PIP 110. 

Arbitration Results Register. The current CCR ?eld, curr_ 
ccr, of the arbitration results register can be updated by 
hardWare When the respective QVPR is read to contain the 
Winner of noti?cation arbitration. If there are no CCRs 
requesting arbitration When the QVPR is read, the current 
CCR ?eld, curr_ccr, re?ects the contents of the respective 
NOP vector pointer register. The current CCR ?eld, curr_ 
ccr, can be modi?ed directly by ?rmWare in order to control 
any of the CPU modules 100041006 indirect registers that 
are based on the most recent Winner of noti?cation arbitra 
tion. The current CCR ?eld, curr_ccr, can be a read/Write 
?eld that can be updated by hardWare With the most recent 
Winner of noti?cation arbitration When the QVPR is read. It 
can be Written by ?rmWare to control access to indirect 
registers. The re-arbitrate bit provides a means for the 
?rmWare to initiate a neW arbitration. Writing the re-arbi 
tration bit, Which is Write only, does not update the arbitra 
tion priorities. The re-arbitration bit should not be necessary 
for normal operation. This bit can be Written to force the 
arbitration circuit to re-arbitrate. Normally re-arbitration 
Will only take place folloWing a read of the QVPR. Forcing 
a re-arbitration does not change the round-robin arbitration 
priorities. 

Local DMA Controller. Each CPU module 100041006 can 
also contain a local DMA (LDMA) controller 310. The 
primary purpose of the local DMA controller 310 is to 
ol?oad from the respective CPU 102041026 the tasks of data 
movement, e.g., from directly moving data into or out of its 
local data RAMs, e.g., the DPDR 104. To perform this 
function effectively, the LDMA controller 310 requires very 
loW overhead for the respective CPU 102041026 to queue a 
DMA operation. As a part of this, the LDMA controller 310 
advantageously can be able to queue a message folloWing 
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the completion of a DMA operation; transfer data between, 
e.g., the local DPDR 104 and any other PLB 20 addresses; 
transfer data between two local locations, e.g., different 
locations in the DPDR 104, transfer data from any PLB 20 
address directly into a local message queue; and transfers 
data between two PLB 20 locations. Also, advantageously 
the LDMA controller 310 should be able to do a single word 
store to any PLB 20 address. Also, advantageously a Fibre 
Channel CRC should be able to be calculated on any data 
that is moved with the LDMA 310 engine. Also the LDMA 
engine should be capable of searching an array of data to 
?nd, e.g., a speci?c match, e.g., a 32-bit match. 

The ?rmware should essentially never have to wait for 
data that has been fetched, e.g., from DDR. It would instead 
queue a DMA request with a message to a local message 
queue to be issued upon completion of the transaction by the 
LDMA controller 310. This is effective when the overhead 
for queuing the DMA and scheduling a new task is lower 
than the delay incurred by waiting for the data to be returned 
from memory, e.g., a double data rate (“DDR”) synchronous 
DRAM (“SDRAM”) or the like. 

Referring now to FIGS. 3 and 5, LDMA controller 310 
can have a queue (“DMAQ”) 320 that, e.g., can hold up to 
8 descriptors, e. g., in an eight position FIFO having room for 
a descriptor in each position 330 of the FIFO of the DMAQ 
320. Once in the DMAQ 320, the LDMA 310 operations can 
be completed in order, e.g., by processing each descriptor in 
each position 330 of the FIFO of the DMAQ 320 in order. 
The LDMA controller 310 may be con?gured to support 
different options for ?ow-control on the DMAQ 320. The 
LDMA controller 310 can have the ability to increment any 
given CCR 210021063 once a descriptor is removed from 
the DMAQ 320. The ?rmware can use this particular CCR 
210(f21063 to ?ow control the DMAQ 320 in a similar 
fashion to any other message queue, e.g., 202oi2023l. There 
can also be a stall mode supported that could cause any write 
to a full DMAQ 320 to simply stall the local processor CPU 
10204026. This can be made invisible to the ?rmware. The 
stall option may be useful when there is little else that could 
be accomplished if the DMAQ 320 is full. 

The LDMA controller 310 also can be made to support a 
mode called immediate DMA (iDMA). If the respective 
CPU 102(f1026 needs to move some data but also needs to 
wait for it to ?nish before moving on to the next task, it can 
initiate an iDMA that bypasses any descriptors that may be 
in the DMAQ 320. An iDMA status register can be included 
in the CPU bus/memory interface 110 register space that can 
be read by the respective CPU l02oil026. The status may be 
set up to not be returned until the DMA transaction is 
complete. From the perspective of the ?rmware, the ?rm 
ware simply initiates the DMA transaction and then reads 
the status. At the point the status is returned, the ?rmware 
knows the DMA transaction has been completed. There are 
no completion messages associated with an iDMA transac 
tion. LDMA Descriptor. The LDMA controller 310 DMAQ 
320 may be formed by an 8-entry FIFO that feeds the LDMA 
controller 310. Each entry of the DMAQ 320 may be, e.g., 
a 119-bit value that represents a descriptor and a completion 
message. The DMAQ 320 may be written via eight 32-bit 
staging registers, 360, 362, 364, 366, 368, 370, 372 and 352, 
which may be contained in the PIF register space in the 
Message Hardware/Local DMA unit 110. Each ?eld of the 
descriptor may, e.g., appear as the least signi?cant bits of its 
own 32-bit register. The descriptor will be written to the 
DMAQ 320 when the PLB 20 address register 360 is 
written. The DMAQ 320 staging registers 352, 360, 362, 
364, 366, 368, 370 and 372 may retain their value so they do 
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not need to be rewritten between descriptors if the values in 
these registers have not changed. For example, if all local 
DMA 310 transactions use the same type of noti?cation the 
LDMA notify register 366 would never need to be written 
after it is initialiZed. The DMA controller 310 descriptor 
staging registers 352, 360, 362, 364, 366, 368, 370 and 372 
may be con?gured to be write-only registers. The contents of 
the DMAQ 320 itself can be read for diagnostic purposes. 
The DMAQ 320 may be targeted to any of the CCRs 

210(f21063 for ?ow-control purposes. The ?rmware may be 
con?gured to avoid over?owing the DMAQ 320 by check 
ing the designated CCR 210(f21063 to see if there is 
available space. The ?rmware can initialiZe the designated 
CCR 210(f21063 to the depth of the DMAQ 320, i.e., 8. 
Alternatively, ?ow-control can be accomplished via the 
DMAQ 320 stall function. When enabled, writes to the 
DMA PLB 20 address register 360 will stall the CPU 1020 
if the DMAQ 320 is full. The write will only complete when 
room becomes available in the DMAQ 320 and also possibly 
during certain error conditions. Several of the LDMA 310 
descriptor ?elds show up in more than one register 352, 360, 
362, 364, 366, 368, 370 and 372. In this case, whichever 
register 352, 360, 362, 364, 366, 368, 370 and 372 is written 
last, but prior to writing the LDMA PLB address register, is 
the one that can be selected to be used to complete the 
descriptor. 
LDMA Type Register. One part of the LDMA descriptor 

can be included in an LDMA type register 368. The LDMA 
type register can be a write only register with the three LSBs 
of the register de?ning the type of operation the DMA 
controller 310 will perform. In some cases the exact de? 
nition of the other DMA 310 ?elds is also a function of the 
value of the type ?eld. The meaning of the possible values 
for the type ?eld of the LDMA type register 368 can be, e. g., 
copy data from the PLB address to a local data RAM 
address; copy data from a local data RAM address to the 
PLB address; copy from one location in local data RAM to 
another location in local data RAM; copy data from the PLB 
address to a local message queue (exactly one message must 
be contained in the DMA operation), calculate the cyclic 
redundancy check (“CRC”) from data at the PLB address 
(data is not stored and the local offset register must be set to 
0); calculate the CRC from data at the local data RAM 
address (data is not stored and the PLB Address must be set 
to 0); store the contents of a DMA message register to the 
PLB 20 address speci?ed in an LDMA PLB Address register 
360 (this DMA type may be highly constrained since the 
message type can be set, e.g., at 0, the siZe can be set, e.g., 
at 4, the visible bit can be speci?ed, e.g., at be 1, and the 
crc_en bit can also be speci?ed, e.g., at 0); or copy data from 
one PLB 20 address to another PLB 20 address, depending 
upon which bits of the type register 368 ?eld are set. The 
type register 368 only needs to be written when the value 
actually changes. Otherwise the current contents of the type 
register will be used when creating the DMA 310 descriptor. 
LDMA Notify Register. An LDMA 310 descriptor may 

also contain notify ?elds, which can specify the target device 
(if any) to notify upon completion of the DMA 310 trans 
action. It may also be used to indicate whether to send a 
completion message and whether to force the message to be 
visible on the PLB 20. The notify ?elds may be contained in 
an LDMA notify register 366, which may include a write 
only message queue number ?eld, mq_num, e.g., at bits 5:0, 
that can be utiliZed to specify the target message queue 
202(f20231 or other CCR 2l032i2l063 for the completion 
message. The notify register may also include a unit number 
?eld, unit_num, e.g., at bits 9:6, which may be utiliZed to 
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specify the target CPU 10204026 unit, and Which is not 
used When VIO. The notify register 366 may also include a 
bus ?eld, bus, e.g., at bits 11:1, that can be utilized to specify 
the target bus, and is not used if VIO. The notify register 366 
may also include a visibility ?eld, V, e.g., at bit 12, Which 
selects if the transaction on the LDMA 310 is to be visible, 
i.e., When asserted the message Will be sent via the PLB 20 
even if the target is Within the local CPU module 10004006. 
When cleared it is assumed that the target message queue 
201720231 or other CCR 2103f21063 is local and no 
transaction Will be issued on the PLB 20. The notify register 
366 may also include a message type ?eld, mtype, e.g., at 
bits 15:12, Which can be utiliZed to specify the type of 
completion message to be utiliZed, from among a set of 
completion messages described in more detail beloW. The 
notify register 366 only needs to be Written When the value 
actually changes. Otherwise the current contents Will be 
used When creating the next DMA 310 descriptor. The notify 
register 366 may be ignored When doing an iDMA. Also, the 
hardWare may, e.g., force the mtype to 0 When an iDMA 
operation command is issued. 
LDMA SiZe Register. Also associated With an LDMA 310 

transaction may be an LDMA siZe register 364, Which may, 
e.g., contain in its 12 LSBs a siZe ?eld, siZe, that is an 
indication of the length of the DMA transfer of, e.g., the 
data/message to be transferred, e.g., the number of bytes to 
be transferred. The maximum value for transactions involv 
ing the PLB 20 is currently limited to be 4080—plb_addr[3: 
0]). The maximum legal value of the siZe ?eld, therefore, is 
(4080—plb_addr[3:0]) When either the source or the desti 
nation of the DMA310 operation is the PLB bus 20. The siZe 
?eld in the LDMA size register 364 can also be programmed 
from an LDMA control register, described beloW. 
LDMA Control Register. An LDMA control register (not 

shoWn) may also be provided as a short-cut to programming 
the siZe 364, type 368, and notify 366 registers With a single 
Write. These siZe, type and notify ?elds Will frequently be a 
constant for many ?rmware functions. 

These siZe, type and notify ?elds reference the exact same 
physical registers as the type 368, notify 366, and siZe 364 
registers. The LDMA control register, therefore is a register 
containing all of the same ?elds just described for the type 
register 364, message register 352, PLB address register 
360, notify register 366, and siZe register 368, With the same 
?elds, mq_num, e.g., at bits 5:0, unit_num, e.g., at bits 9:6, 
bus, e.g., at bits 11:10, V, at bit 13, mtype at bits 15:13, siZe, 
e.g., at bits 27:16, and type, e.g., at bits 30:28, With the last 
bit 31 used as a CRC enable ?eld. 
LDMA Local Offset Register. An LDMA local offset 

register 362 can be provided, primarily to be used to store an 
index into the DPDR 104. For PLB 20-to-PLB 20 DMA 
transactions, the DPDR 104 is not used and this local offset 
register 362 may be ignored. The local offset register 362 
may not be big enough to store a Whole PLB 20 address. In 
this case, the local offset register may be used to hold only, 
e.g., response message data. The response message data can 
be limited to l6-bits in this case. Some parts of the response 
message may be used to hold control information, e.g., if 
CRC or compare operations are enabled. The LDMA local 
offset register 362 is a Write only register that contains a 
compare enable ?eld, comp_en, e.g., at bits 7:4, Which can 
be de?ned When doing compare operations on PLB 20-to 
PLB 20 DMA (crc_en:l ;crc_type:l ;dma_type:7). Each bit 
of the comp_en ?eld can be used to enable the comparison 
operation for the corresponding byte of a CRC seed register, 
discussed beloW. The local offset register 362 may also have 
a CRC delay ?eld, crc_delay, e.g., at bits 3:0, Which can be 
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utiliZed to de?ne a delay When doing a CRC operation With 
delay on a PLB 20-to-PLB 20 DMA operation (crc_enIl; 
crc_delay:l;dma_type:7). This CRC delay ?eld can 
specify, e.g., the number of 64-bit Words of DMA data to 
skip before starting the CRC calculation. The local offset 
register 362 alternatively may be used to specify a local 
offset ?eld, local_olfset, also in bits 15:0, Which can be 
utiliZed to perform local DMA transactions. The local_olfset 
?eld normally contains the byte offset into the DPDR 104 for 
most transactions. For local-to-local transfers this offset 
represents the source of the data. For transactions to local 
message queues 202*20231 the local_olfset ?eld can be 
treated to contain the 5-bit value that speci?es the target 
message queue 202*2023l. For PLB 20-to-PLB 20 DMA, 
this ?eld may be used for the completion message. These 
?elds may be updated in the local offset register 362 at the 
start of each DMA transaction depending upon Whether it is 
a local or a PLB 20 transaction. 

LDMA PLB Address Register. There may also be pro 
vided an LDMA PLB address register 360. Writing to the 
LDMA PLB address register may be con?gured to be What 
initiates an LDMA operation, and a DMAQ 320 load. The 
PLB address register 360 may contain in its bits, e.g., bits 
31:0 a PLB 20 address ?eld, plb_addr. The plb_addr ?eld 
normally contains the 32-bit address of the initial PLB 20 
address for the DMA transfer. For local-to-local transfers the 
plb_addr ?eld can contain the l5-bit offset into the local data 
RAM, e.g., the DPLR 104 for the destination location. For 
PLB 20-to-PLB 20 transfers the plb_addr ?eld can contain 
only the destination PLB 20 address. Access to the plb_addr 
?eld may be Write only. 
The LDMA PLB address register 360 may be aliased into 

tWo locations in the address map. Writing the register 360 
through the ?rst address may be con?gured to cause the 
descriptor to be copied from the LDMA registers, i.e., the 
LDMA PLB priority register 370, the LDMA CRC Control 
register 372, the LDMA type register 368, LDMA message 
register 352, LDMA PLB address register 360, LDMA 
notify register 366, and the LDMA siZe register 364, or 
simply from the LDMA control register (not shoWn), into the 
DMAQ position 330 made up of a plurality of registers as 
discussed beloW. Writing it through the other address can be 
con?gured to cause the descriptor to be used for iDMA and 
the DMAQ 320 registers 330 may then be bypassed. Initi 
ating an iDMA transaction ordinarily must be folloWed by a 
read of the immediate DMA status register discussed beloW. 
LDMA Message Register. An LDMA message register 

352 may be provided to contain a 32-bit completion message 
that is optionally sent upon completion of the DMA opera 
tion in a DMA response ?eld, dma_resp_data, e.g., in bits 
31:0. This message contained in the dma_resp-data ?eld can 
be sent to any message queue 202(720231 in the chip, i.e., 
associated With any CPU unit CPUoiCPU6. For PLB 20-to 
PLB 20 DMA operations this LDMA message register may 
be used for the source PLB 20 address and the LDMA local 
offset register 362 may be used for the completion message. 
This con?guration can save storage space in the LDMA 
controller 310 that Would have been required to support PLB 
20-to-PLB 20 DMA transactions. This LDMA message 
register 352 may also optionally be used for some control 
information When doing CRC or compare operations, by 
accessing the ?eld containing comp_en, e.g., in bits 7:4 and 
crc_delay, e.g., in bits 0:3 and also, Where there is a DMA 
response message is to be used, the dma_resp ?eld, con 
tained, e.g., in bits 31:8. The dma_resp ?eld contains the 
actual completion message data When doing a DMA opera 
tion that includes a non-Zero response. The exception is 
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When doing PLB 20-to-PLB 20 DMA this dma_resp ?eld is 
used for the source PLB 20 address. Dual purposing this 
message register 352 also reduces the number of registers 
needed. The comp_en ?eld can be used to de?ne When doing 
compare operations (crc_en:l;crc_type:l). Each bit of the 
comp_en ?eld can be used to enable the comparison opera 
tion for the corresponding byte of the CRC seed register. The 
crc_delay ?eld can be used to de?ne, When doing a CRC 
operation With delay (crc_en:l ;crc_delay:l ), the number of 
64-bit Words of DMA data to skip before starting the CRC 
calculation. Access to these ?elds is all Write only. Messages 
to the respective local CPU 10204026 can also be forced to 
Write their messages to the PLB 20 (visible mode), e.g., for 
diagnostic purposes. 
LDMA PLB Priority Register. An LDMA PLB priority 

register 370 may be utiliZed to program the priority used 
When mastering a PLB 20 transaction. The contents of this 
PLB priority register may be loaded into the LDMA con 
troller 310 on the DMAQ, e.g., When the PLB address 
register is Written, along With the rest of the DMA descriptor. 
The PLB priority register may have a priority ?eld, pri, e.g., 
in its tWo LSBs that may be utiliZed to indicate the priority 
level to be used When the DMA transaction is initiated on the 
PLB 20. Access to this ?eld is Write only. 
LDMA CRC Control Register. The Local DMA controller 

310 engine can be con?gured to have the ability to calculate 
a CRC While moving data. A seed can be used to calculate 
the CRC and can come from one of 4 different seed registers 
(not shoWn). A CRC may, e.g., be chained betWeen tWo or 
more different DMA operations, e.g., by using a single seed 
register. This can alloW up to 4 different CRC chains to be 
active simultaneously. The CRC result can be read directly 
from the respective CRC seed register or it can be returned 
as part of the completion message. The CRC Will Work 
correctly only if the destination address is 4-byte aligned and 
the length of the data is a multiple of 4-bytes. The contents 
of a CRC control register 372 may be copied into the DMAQ 
320 along With the rest of the descriptor, e.g., When the PLB 
address register is Written. The CRC control register 372 
may contain a CRC enable ?eld, crc_en, e.g., in bit 0, Which 
can be utiliZed to generate a CRC during the DMA process. 
The CRC control register may also include a CRC type ?eld, 
crc_type, e.g., at bit 4, Which may be used to specify Whether 
the hardWare is to do a Fibre Channel CRC operation or to 
do a compare function betWeen the respective CRC seed 
register and the DMA data. For the compare operation the 
data returned may be used as an index that points to the 
location of the ?rst match as Well as a match and multiple 
match indication. Chaining the compare functions may not 
be effective given that the contents of the respective seed 
register is changed to the index by the DMA operation. The 
compare results can be returned in the completion message 
in the exact same fashion as the normal CRC results. Bits 7:4 
of the response message may be utiliZed as a byte compare 
enable ?eld When using the compare function. For example 
if dma_resp_msg[7:4]::4'bl000, then only the most sig 
ni?cant byte of the DMA data Word Would be compared to 
the contents of the target seed register. The CRC control 
register 372 may also include a CRC selection ?eld, crc_sel, 
e.g., in bits 2:0, Which can be utiliZed to specify Which ofthe 
four CRC seed registers Will be used for the CRC calcula 
tion. The CRC control register 372 may also include a CRC 
chain ?eld, crc_chain, e.g., at bit 3, Which may be utiliZed 
When asserted to cause the CRC calculation to use the 
contents of the respective seed register as the CRC seed. 
When cleared, the respective CRC seed register Will be 
initialiZed to Oxlffflfff before starting the calculation. The 
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CRC type ?eld also can be utiliZed to cause a Fibre Channel 
CRC to be calculated. When asserted, the DMA data Will be 
compared to the contents of the speci?ed seed register. 
Bits[7:4] of the response message ?eld of the DMA descrip 
tor are used as byte compare enables. The CRC results Will 
contain the index of the ?rst match that Was encountered as 
Well as match and multiple-match indications. The CRC 
control register 372 may also contain a CRC delay ?eld, 
crc_delay, e.g., in bit 5, Which may be utiliZed When asserted 
to cause the ?rst N double Words (8 bytes) of the DMA data 
to be skipped before starting the CRC calculation. N is 
speci?ed in the loWer 4-bits of the response message ?eld for 
the DMA descriptor. N has a maximum value of 15 that Will 
alloW up to 15, 64-bit Words to be skipped before starting the 
CRC calculation. If the target address of the DMA operation 
starts on a 32-bit aligned address, the ?rst skip Will actually 
only skip 1 Word of data, reducing the maximum amount of 
data that can be skipped to 29 32-bit Words. Access to these 
?elds may be Write only. 

In operation the stall mode may be accomplished by the 
CPU Writing to the LDMA PLB address register 360 into the 
plb_addr ?eld as a last step in creating a designator for 
loading into the DMAQ 320 into a position 330 in the FIFO 
of the DMAQ 320. At this point if the DMAQ 320 is 
indicated to be full and the stall mode is enabled, the CPU 
1000 Will stall until the ongoing LDMA transaction is 
completed processing after Which a position 330 in the FIFO 
of the DMAQ 320 Will open, e.g., by the next in order 
position 330 in the FIFO of the DMAQ 320 being loaded 
into the LDMA controller 310. The content of the staging 
registers 360, 362, 364, 366, 368, 370 and 372 may then be 
loaded into the DMAQ 320 and the CPU 1000 taken out of 
the stall condition. 

In operation, the respective ?elds of the staging registers 
360,362, 364, 366, 368, 370 and 372 may be hard Wired into 
the respective bit positions of the DMAQ 320 FIFO position 
DMAQ entry registers NO 340, N1 341, N2 342 and N3 343. 
CRC Seed Registers. The local DMA controller 310 

engine may have four 32-bit seed registers used as the 
accumulators When calculating the CRC during a local DMA 
transfer. These seed registers may be utiliZed to hold the 
compare value When using the compare function. The seed 
registers can be directly accessed via the bus memory 
interface 110 register space. The seed register may have a 
CRC ?eld, crc, e.g., in bits 31:0, Which may be accessed by, 
read or Write and Which may be utiliZed to contain, When 
doing a CRC operation (crc_en:l ;crc_type:0), the CRC 
value. If the CRC operation is not chained, the respective 
seed register may be initialiZed to 32'hlf?flff by the hard 
Ware. The seed registers may contain the ?nal CRC value 
folloWing the DMA operation. The seed register may also 
contain a computed value ?eld, comp_value, also, e.g., in 
bits 31:0, Which may be used to contain, prior to doing a 
compare operation (crc_en:l ;crc_type:l) a value initialiZed 
by the ?rmWare to the compare value. The actual bytes 
compared can be controlled by the byte compare enable bits, 
Which are bits [7:4] of the DMA response message. The seed 
register may also include a match ?eld, match, e.g., at bit 12, 
that may serve to indicate, folloWing the compare operation 
being completed, if at least one successful match occurred. 
The seed register may also contain a multiple match ?eld, 
multiple_match, e.g., at bit 13, Which may be utiliZed, e.g., 
to indicate, after the compare function has been performed, 
if 2 or more successful matches occurred. The seed register 
may also contain an index ?eld, index, e.g., in bits 11:0, 
Which may be utiliZed, after a compare has been completed, 
and if the match bit is asserted, to indicate the Word index 
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into the DMA data Where the ?rst successful match 
occurred. Access to these ?elds are by read or Write. 

LDMA Enable Register. An LDMA enable register may 
be used to enable/disable additional local DMA operations. 
DMA operations that are in progress Will complete normally. 
This LDMA enable register may also contain a reset bit that 
Will empty the LDMA controller 310. The LDMA enable 
register may include a DMA enable ?eld, e.g., dma_enable, 
e.g., contained at bit 0, Which When asserted may be utiliZed 
to enable the DMA process, such that DMA transactions Will 
be processed normally. When cleared, any DMAs in 
progress Will be completed but no additional ones Will be 
issued. The LDMA enable register may include a DMA 
active ?eld, dma_active, e.g., in bit 1, Which When asserted, 
along With dma_enable:l to alloW DMA transactions to 
occur. The bit in this ?eld is asserted When a DMA operation 
is in progress. If dma_enable:0 and dma_active:0 then 
there Will not be any more DMA transactions until dma_en 
able is again asserted. Access to the dma_enable ?eld is both 
read and Write and access to the dma_active ?eld is only 
Write. The DMA enable register may also have a DMA 
queue reset ?eld, dmaq_reset, that is accessible by Write 
only, e.g., in bit 2, that When asserted can be utiliZed to 
remove all descriptors in the DMAQ 320. This Will not a?cect 
any DMA transactions already in progress. The DMA enable 
register may also have a stall enable ?eld, stall_enable, e.g., 
at bit 31, Which may be both read and Write accessible and 
When asserted may be utiliZed to cause the bus memory 
interface 110 to stall the respective CPU 102(f1026 When an 
attempt is made to queue a DMA transaction When the 
LDMA 310 is full. Writes to the DMAQ 320 may be 
discarded if the FIFO of the DMAQ 320 is full and an error 
has been detected. If the stall_enable bit is not asserted, the 
descriptors may be discarded even if an error has not been 
detected. This may be necessary to avoid a deadlock situa 
tion Where the processor is attempting to fetch an instruction 
but it is blocked by DMA descriptors that can not ?t in the 
LDMA 310. 

Immediate DMA Status Register. An immediate DMA, 
iDMA, status register may be contained in the respective 
CPUs 102(71026 bus memory interface 110 register space. 
The iDMA status register may include a complete ?eld, 
complete, Which may be read accessible only, e.g., in bit 0, 
Which When set, can indicate that the DMA operation has 
completed. The iDMA status register may include a data 
error ?eld, data_err, that may be accessible only by a read, 
e.g., contained at bit 1, Which When asserted may indicate 
that the DMA operation did not complete successfully due to 
a data error on the PLB 20. 

The primary function of the iDMA status register is to 
stall the respective CPU 10204026 until an immediate DMA 
operation has been completed. When read, it Will delay the 
return of the status to the respective CPU 102(71026 until 
there isn’t an iDMA operation pending. The iDMA, status 
register returns the status of the last iDMA operation to 
complete. If the register is read When DMA is not enabled 
the read Will return immediately and the complete ?eld bit 
Will not be asserted. The iDMA status register may include 
an over?oW error ?eld, ov?_err, Which may be accessible by 
read only and Which may be contained, e.g., at bit 2, and, 
When asserted, may indicate that a descriptor Was dropped 
because the LDMAQ 320 Was full. The iDMA status register 
may include a fatal error ?eld, fatal_err, e.g., at bit 3, Which 
may be accessible by a read only and, When asserted, may 
indicate that the DMA operation Was terminated due to the 
fatal error signal being asserted. 
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LDMA CCR Register. An LDMA CCR register may be 

utiliZed to specify ifa CCR 210(721063 is to be used for How 
control of the LDMA 310 and Which one. The LDMA CCR 
register may have an enable ?eld, E, Which may be acces 
sible by both a read and Write, e.g., at bit 31, and When 
asserted indicates that, e.g., a CCR 210(f21063 Will be 
incremented When a DMA descriptor is removed from the 
LDMAQ 320. The LDMA CCR register may also have a 
LDMA CCR designation ?eld, ldma_ccr, Which may be 
accessible by a read or a Write, e.g., at bits 5:0, Which may 
be utiliZed to include the target CCR 210(f21063 that Will be 
incremented by hardWare every time a DMA operation is 
completed. An iDMA operation Will not increment the target 
CCR 210O*21063. 
LDMA Diagnostic Registers. Each CPU module 

10004006 may be provided With the ability to read the 
contents of the DMAQ 320, e.g., for diagnostic purposes. 
This should only be done When DMA is not enabled and not 
active. There may be 4 registers for each of the 8 possible 
descriptors that may be stored in the DMAQ 320. These 
include the DMAQ entry registers NoiN3. The DMAQ entry 
register NO may include a message data ?eld, msg_data, e. g., 
in bits 31:0, that may be read only accessible and normally 
contains message data that is used in the completion mes 
sage. For PLB 20-to-PLB 20 transactions this is the source 
PLB 20 address. The DMAQ entry register Nl may contain 
a PLB address ?eld, plb_addr, e.g., in bits 31:0, Which may 
be accessible only by a read, and Which may contain the 
value programmed through the LDMA PLB address register 
for the associated descriptor. The DMAQ entry register N2 
may contain a local o?‘set ?eld, local_olTset, e.g., in bits 15:0 
Which may contain the value programmed through the 
LDMA local o?‘set register for the associated descriptor, as 
Well as a siZe ?eld, siZe, e.g., in bits 27:16, Which may 
contain the value programmed through the LDMA siZe 
register for the associated descriptor, and a notify ?eld, 
notify, e.g., at bits 31:28, Which may contain, e.g., the loWer 
4 bits of the value programmed through the LDMA notify 
register for the associated descriptor. Access to these ?elds 
may all be by read only. The DMAQ entry register N3 may 
contain tWo notify ?elds, notify [15:12] and notify [10:4], 
e.g., respectively at bits 10:7 and 6:0, Which represent the 
contents of LDMA notify register, a type ?eld, type, e.g., at 
bits 13:11, Which may contain the value programmed 
through the LDMA type register for the associated descrip 
tor, a priority ?eld, pri, e.g., at bits 15:14, Which may contain 
the value programmed through the LDMA PLB priority 
register for the associated descriptor, a CCR control ?eld, 
ccr_ctrl, e.g., in bits 20:16, Which may contain, the value 
programmed through the LDMA CRC control register for 
the associated descriptor, a Write pointer ?eld, e.g., at bits 
27:24, Which may contain an LDMA Write pointer, e.g., 
Which indicates the location Where the next descriptor Will 
be stored, and a read pointer, rd_ptr, e.g., at bits 31 :28, Which 
may contain an LDMA read pointer, Which, e.g., indicates 
the entry at the head of the LDMA. If rd_ptr:: Wrt_ptr:?he 
LDMA is empty. If the ?rst three LSBs of rd_ptr the ?rst 
three LSBs of Wrt_ptr and the MSB of rd_ptr[3]!qvrt_ptr 
[3])) then the LDMA is full. 

In addition to providing the ability to read the contents of 
the DMAQ 310, there are registers to provide the current 
DMA descriptor. If an error occurs during a DMA operation, 
these registers can be utiliZed to obtain the DMA descriptor 
that Was being executed When the error occurred. These 
registers should only be read When the DMA is not active. 
An LDMA control diagnostic register may also be pro 

vided having an LDMA control diagnostic ?eld, ldma_con 
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trol_diag, e.g., in bits 31:0, Which may be accessible by read 
only and Which contain bits that are de?ned exactly like the 
LDMA control register, i.e., With values that re?ect the most 
recently executed DMA operation. An LDMA local o?fset 
register may be provided having an LDMA local o?fset 
diagnostic ?eld, ldma_local_olfset_diag, e.g., in bits 31:0 
Which may be accessible by a read only and Which represent 
one of the addresses used for the most recent DMA opera 
tion, e.g., it can Will alWays be the address that Was not 
Written to the PLB address register. An LDMA PLB address 
diagnostic register may be provided having an LDMA PLB 
address ?eld, ldma_plb_addr_diag, e.g., in bits 31:0, being 
accessible by a read only and Which can contain the address 
that Was Written to the PLB address register for the DMA 
operation that Was most recently completed. An LDMA 
message diagnostic register may be provided having an 
LDMA message diagnostic ?eld, ldma_message_diag, e.g., 
in bits 31:0, Which may be accessible by a read only and may 
contain the completion message data for the DMA operation 
that Was most recently completed. 
LDMA Completion Messages. The message type ?eld, 

mtype, ?eld of the LDMA notify register 368 and the LDMA 
control register (not shoWn) may be used to specify the exact 
format of the completion message. The supported comple 
tion message formats may be: type 1, no completion mes 
sage, Zero-length message, e.g., the CCR speci?ed in the 
mq_num ?eld Will be incremented on the local CPU module 
10004006; type 3, 2 Word completion message With header 
folloWed by message data; type 3, 2 Word completion 
message With header folloWed by CRC data; type 4, 2 Word 
completion message With message data folloWed by CRC 
data; or type 5, 3 Word completion message With header 
folloWed by message data folloWed by CRC data, depending 
on the state of the bits in the mtype ?eld. If a completion 
message is selected that contains CRC data, the data may be 
copied from the CRC control register speci?ed by the CRC 
select bits. This Will happen regardless of Whether a CRC is 
actually being calculated. The CRC register could be used to 
extend the programmable part of the completion message if 
a CRC is not necessary. The exact format of the various 
completion message types is discussed beloW. 
LDMA Completion Message Formats. Each of three of 

the LDMA completion message formats can contain a length 
?eld, e.g., in bits 7:0 that can be utiliZed to de?ne length of 
the message in four byte Words. Each of the message formats 
can contain a source ?eld, UNIT_CPUXX, e.g., in bits 19:8, 
Within the message, and Which can be utiliZed to identify the 
source CPU unit CPU 10204026. The format of this ?eld 
can be {4'hA,bus_number[3:0], unit_number[3:0]}. For 
example, CPU3 on the north PLB bus 200 Would be 0xA03. 
The “SL1 processor” CPU 1026 on the south PLB bus 200 
Would be 0xAl0. Each of the message formats can contain 
a type ?eld, e.g., in bits 31:20, Which may be set up to 
contain MESG_LDMA_RESP:0xABC for all successful 
local DMA operations, Which indicates, e.g., the message is 
from a local DMA or MESG_LDMA_ERR_RESP:0xABD 
for all local DMA operations that encounter an error. One of 
these three LDMA message completion formats, corre 
sponding to completion message type 2, can contain a DMA 
response data ?eld, DMA_RESP_DATA, e.g., in bits 63:32, 
Which may contain normally the bits taken directly from the 
contents of the LDMA message register 352 at the time the 
descriptor Was added to the queue. For PLB 20-to-PLB 20 
DMA transactions the loWer l6-bits of this ?eld can be taken 
from the LDMA local offset register 362 and the upper 
l6-bits can be set to 0. Another of these three LDMA 
message completion formats, corresponding to completion 
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message type 3, may contain a CRC ?eld, CRC, e.g., in bits 
63:32, Which can contain the contents of the CRC register 
372 {N} at the completion of the DMA operation. N 
indicates the contents of the crc_sel ?eld of the LDMA CRC 
control register 372. This occurs Whether the CRC calcula 
tion is enabled or not. If a completion message type 4 is sent 
to a variable-length message queue, bits 7:0 of the DMA_ 
RESP_DATA ?eld may be con?gured to be required to be a 
2. The hardWare may use these bits as the length ?eld for the 
message. The third of these three LDMA message comple 
tion formats, corresponding to type 5, may contain the 
DMA_RESP_DATA ?eld in bits 63:32 and the CRC ?eld in 
bits 95:64. Another of the LDMA completion message 
formats, corresponding to type 4, may contain the DMA_ 
RESP_DATA ?eld in bits 31:0 and the CRC ?eld in bits 
63:32. 
CPU Error Register. A CPU error register may be pro 

vided to indicate the location Where any errors detected in 
the CPU module 1000-1006 are logged. Additional informa 
tion about the error may be logged in other registers. The 
CPU error register may contain a fatal mode ?eld, fatal_m 
ode, e.g., at bit 28, that is accessible by a read only and 
Which indicates When set that an error has occurred that is 
con?gured to cause the chip 10 to enter fatal mode. The CPU 
error register may contain a global error interrupt ?eld, 
global_err_int, e.g., at bit 24, Which may be accessible by a 
read only and, Which indicates When set that an error has 
occurred that is con?gured to cause a global interrupt. The 
CPU error register may contain a local error interrupt ?eld, 
local_err_int, e.g., at bit 20, that is accessible by a read only 
and Which indicates When set that an error has occurred that 
is con?gured to cause an interrupt to the local CPU 
10204026. The CPU error register may contain a ram 
emulation error ?eld, ram_em_err, e.g., at bit 16, that is 
accessible by a read only and Which can indicate When set 
that there Was an illegal access caused by a data cache miss 
that is stored in a section of data cache designated for RAM 
emulation, as discussed in more detail beloW. The CPU error 
register may contain a data tag parity error ?eld, dtag_perr, 
e.g., at bit 15, that is accessible by a read only and Which can 
indicate When set that there Was a parity error detected in the 
data cache 106 tag RAM (not shoWn). The CPU error 
register may contain a instruction tag parity error ?eld, 
itag_perr, e. g., at bit 14, that is accessible by a read only and 
Which can indicate When set that there Was a parity error 

detected in the instruction cache 108 tag RAM (not shoWn). 
The CPU error register may contain a DMA over?oW ?eld, 
dma_ov?_err, e.g., at bit 13, that is accessible by a read only 
and Which can indicate When set that a DMA descriptor Was 
dropped due to a Write to the LDMA 310 When it Was full. 
The CPU error register may contain a DCache 106 parity 
error ?eld, dcache_perr, e.g., at bit 12, that is accessible by 
a read only and Which can indicate When set that there Was 
a parity error detected in the data cache 108 data RAM. The 
CPU error register may contain an lCache 108 parity error 
?eld, icache_perr, e.g., at bit 11, that is accessible by a read 
only and Which can indicate When set that there Was a parity 
error detected in the instruction cache 108 data RAM. The 
CPU error register may contain a DMA PLB error ?eld, 
dmaipllperr, e.g., at bit 3, that is accessible by a read only 
and Which can indicate When set that a PLB 20 read error 
Was encountered While performing the DMA operation. All 
DMA operations Will stop When the dma_plb_err bit is 
asserted. The CPU error register may contain a message 
frame error ?eld, msg_frame_err, e.g., at bit 4, that is 
accessible by a read only and Which can indicate When set 
that something illegal Was attempted When Writing a mes 








































